Abstract. Solar panels are common renewable energy sources. They generate electrical energy directly from the solar energy but have low efficiency and non-linear characteristics. To decrease the power loss solar panels are connected to special devices called maximum power point (MPP) trackers. When the surface of the solar panel is illuminated irregularly in the powervoltage curve can be observe the appearance of the local maximum power points that are different from the global maximum power point. In the partial shading condition the regular trackers can track the local maximum power point. The presented method use the light and temperature measurement to determine the global maximum power point. The simulation results prove correctness of proposed method in real shading conditions. The proposed algorithm has high tracking speed and does not depend of used solar panels, and by that can be used in any solar system.
Introduction
The output power of the solar panel is dependent on illumination and temperature, as presented in Fig. 1 . When the temperature increases the maximum power point voltage value decreases and is equal approximately to 80% of open circuit voltage [1] . The open circuit voltage can be estimated on the bases of temperature value and the temperature coefficient given by the manufacturer. When the illumination increase the maximum power point current increasing. The value of the maximum power point current is approximately equal to 90% of the short circuit current [1] , and its value can be estimated by using the illumination value from sensor. To increase the output power from the solar system solar cells are connected in series creating the solar module. The solar modules are connected in more complex structures creating grid of series or parallel connected modules. To avoid negative effect of partial shading the solar modules or solar cells are connected parallel with bypass diodes.
This connection can make appearance of the local maxima on power-voltage curve. The regular maximum power point search algorithm cannot properly search the global maximum power point. The modified algorithms search entire power-voltage curve by constant or adaptive step to determinate the global maximum power point. Another methods use measurement of the open circuit voltage or the short circuit current and its division to determine the maximum power point. This can cause the power loss. 
Proposed method
There are few maximum power point search method that can track global maximum power point in literature [10] [11] [12] [13] [14] [15] . Many of them searching approximate position of global maximum power point on the bases of the open circuit voltage or temperature and on this bases run traditional perturb and observe method. The proposed method consists of two sub-algorithms: the algorithm that uses a light sensor, current method, in equal illumination conditions and the algorithm that uses temperature sensors, temperature method, in partial shading conditions. Both of them are adaptive and use the correlation function to determine the maximum power point. Both methods was described in our previous work [4] [5] . The block diagram of the proposed method is presented on Fig. 2 . The correlation function is implemented by the table of the line function coefficients. Each sub-algorithm has its own table of coefficients. The value of the correlation function coefficient is modified on base of the error between the calculated and the real maximum power point. Each of the sub-algorithm is presented below.
Each of sub-algorithms is running until power, temperature or illumination change is lower than 2%. When the step of the perturb and observe (P&O) method is equal to 1% of the initial step the error value between calculated and measured current is used to modify the correlation function coefficient.
On the beginning when the correlation coefficient are not calculated, the algorithm seek whole power-voltage curve to find the maximum power point. On its base the algorithm modify the correlation coefficient tables. After that algorithm interpolate missing values using the line function.
A. Algorithm that uses illumination sensor
In regular illumination conditions the maximum power point position is dependent of illumination and temperature. This method is fast and independent of used illumination sensor and solar panel [4] . The algorithm uses the value of the illumination sensor and on this base calculates the current in maximum power point, Eq. (1), I MPP =a I G+b I , (1) where IMPP is maximum power point current, aI and bI are the line function coefficients and G is the measured illumination value. On the base of the calculated current value the perturb and observe algorithm [8, 9] with adaptive step size is running until there is no change in power or illumination.
B. Algorithm that uses temperature sensor
In partial shading conditions algorithm calculate maximum power point voltage on the bases of the value of the temperature sensors [10] . The temperature sensors and parameters given by manufacturer to calculate each of the local maximum power points were used in the previous work [5] , Eq. (2), (2) where VLMPP,m is the m-th local maximum power point voltage, kT is the temperature coefficient given by the manufacturer, Tn is the value of n-th temperature sensor. In the presented method the value of the m-th local maximum power point voltage value is calculated by using m-th temperature sensor value and correlation function coefficient, Eq. (3),
where aT and bT are the coefficients of correlation function.
Simulation results
Simulation were performed for solar panel consists of six series connected MSX-60PV solar modules with bypass diodes, each for one module. The MSX-60PV parameters are shown in table I. 
A. Algorithm simulation workbench
The algorithm simulation workbench was created by authors and was presented during the ICREPQ conference in Cordoba in 2104 [16] . The software allow to apply any shadow pattern, calculate the illumination and temperature for each solar module and on its bases calculate the output power, simulate any of the maximum power point search algorithm, test them and compare with each other in the same solar and temperature conditions. The simulation workbench is shown in Fig. 3 . It uses any of solar panel model written in Matlab/Octave script file. In simulation the one diode model written by González-Longatt was used [7, 8] .
B. Shadow patterns
The simulation were proved for the real shadow patterns, see Fig. 4 for different ambient temperature and illuminations. The patterns was made by digital camera on the white material that simulate the surface of solar panel.
Those are common shades -block shadow can be found in highly urbanized places, clouds, tree and roof of the house. The simulated output power-voltage characteristic for the shadow caused by tree is presented on the Fig. 5 . It can bee seen the appearance of local maxima.
C. Simulation results
On the beginning, when the coefficient function table is empty the algorithm has speed equal to regular perturb and observe method. The initial step is equal to the open circuit voltage divided by numbers of bypass diodes. Algorithm measure power in points corresponding to sum of initial step size. After that the initial step is divided by 2 and algorithm is running from the point with maximum power. The algorithm calculates the correlation coefficient. In the simulation the correlation coefficient table is calculated.
In the Fig. 6 can be seen the output power of photovoltaic panel for block shadow pattern. The proposed method on the beginning use the solar sensor (the illumination is equal for each module) to calculate the maximum power point current. The seeking error does not exceed 0.5%. The perturb and observe method with variable step size quickly reach the maximum power point. When output power change algorithm checking if there are equal illumination for whole panel. In this case the illumination is not equal so the proposed algorithm run the temperature subalgorithm. For each temperature sensor the local maximum power point voltage value is calculated and the output power is checked. For the voltage witch have the largest power the perturb and observe method is running. The error between real and calculated maximum power point do does not exceed 1% . The number of testing points is equal to number of bypass diodes (each temperature sensor for each bypass diode). For each case the perturb and observe method is running until the power or temperature or illumination is changing. The output power is almost 99% of possible power.
The same appearance for proposed method can be seen on the Fig. 7 . In the beginning the maximum power point current is calculated on the bases of value of illumination. When the shadow becomes on the surface of the panel the output power is decreasing and algorithm checking if the power drop is caused by the shadow. If so, the second sub-algorithm is running, see Fig. 7 .
The proposed method is correct even for complex shadow pattern. In the Fig. 8 can be seen the output power caused by shadow of the tree. The proposed method always find the real maximum power point. The output power is almost 98% of possible power. Even on the shadow caused by the building, see Figs. 5 and 9, algorithm find the real maximum power point.
Due to using solar sensor proposed method is very fast in uniform illumination condition. The seeking error does not reach 1% of real maximum power point current in every simulation pattern. Due to using adaptive correlation coefficient the proposed method do not depended on used illumination sensor and solar panel schema. By using temperature sensors proposed method is very fast in partial shading condition. Even there are some inert ion on solar sensor behaviour the seeking error do not reach 2% of maximum power point voltage value. Due using the perturb and observe method with adaptive step size any seeking errors are very fast corrected.
Conclusion
The simulation results prove correctness of the proposed method in real shading conditions. The simulation results show, that proposed method is fast and accurate even for very complex shadow patterns. Both of used algorithms are independent of used solar panels or sensors, and can be used in any solar system. By using two sub-algorithm the tracking speed increase in comparison to algorithms presented in our previous works.
The method that uses solar sensor is very fast and accurate for the uniform insolation conditions, and this condition is the most common condition, but using many solar sensor is uneconomical. The method that uses temperature sensors is fast in partial shading condition and by using correlation function can be used in every solar system. By using both methods proposed algorithm is very fast and flexible. 
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